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LQWHUSUHWHGDV³DVVLPSOHDVSRVVLEOHDVFRPSOLFDWHGDVQHFHVVDU\´>@+RZHYHUWKLVLVQRWDWHUPZKLFKFRXOGEH
HDVLO\LQWHUSUHWHG&RQVHTXHQFHVRIRYHUVLPSOLILFDWLRQVFDQQRWEHIRUHVHHQDKHDGDQGWKHYDOLGLW\RIWKHRXWSXWLV






7KH DXWKRUV VWDWH WKDW ZHDN PRGHOLQJ FDSDELOLWLHV FDQQRW UHVXOW LQ DGHTXDWH SODQV FRQVHTXHQWO\ WKH SURMHFW
FRQWUROSURFHVVWKDWFRPSDUHVWKHIDFWVWRQRQDGHTXDWHSODQVDUHXVXDOO\PLVOHDGLQJ7KHPDJQLWXGHRIJHWWLQJIDOVH























WKLV PDQ\ RWKHU GLVWULEXWLRQV ZHUH LQWURGXFHG RYHU WKH GHFDGHV HJ WKH ORJQRUPDO GLVWULEXWLRQ >@ WKH GRXEOH
WUXQFDWHGQRUPDOGLVWULEXWLRQ>@ WKHPL[HGEHWDDQGXQLIRUPGLVWULEXWLRQ>@ WKHWULDQJXODUGLVWULEXWLRQ>@DQG
WKH3DUNLQVRQGLVWULEXWLRQ>@DPRQJRWKHUV7KRURXJKMXVWLILFDWLRQRIWKHDSSOLFDELOLW\RIWKHVHSGIIXQFWLRQVIURP
DQ HQJLQHHULQJ SRLQW RI YLHZ LV VWLOO PLVVLQJ 2Q WKH RWKHU KDQG VRPH DXWKRUV > @ DUJXH WKDW GXH WR WKH
VLJQLILFDQW XQFHUWDLQW\ DQG LPSUHFLVLRQ UHIOHFWHG LQ WKH HVWLPDWHV WKH DSSOLFDWLRQ RI QHZ SGI IXQFWLRQV GRHV QRW
UHVXOWLQPRUHUHDOLVWLFGLVWULEXWLRQVIRUWKHSURMHFWGXUDWLRQ

7KH RULJLQDO WKUHHSRLQW HVWLPDWLRQ KDV DOVR UHFHLYHG JUHDWPDQ\ FULWLTXHV 7KLV HVWLPDWLRQ RQO\ JLYHV SUHFLVH




,W ZDV VRRQ UHDOL]HG WKDW WKH RULJLQDO FDOFXODWLRQ LV YHU\ RSWLPLVWLF 7KHVH RSWLPLVWLF UHVXOWV ZHUH WKH
FRQVHTXHQFHVRIWKHK\SRWKHVLVUHJDUGLQJWKHRQHSRVVLEOHFULWLFDOSDWK6ROXWLRQVIRUDEHWWHUGHWHUPLQDWLRQRIWKH
GLVWULEXWLRQ RI WKH SURMHFW GXUDWLRQ ZHUH GHYHORSHG RYHU WKH GHFDGHV 7KHVH FDQ EH GLYLGHG LQWR WKUHH JURXSV




,W LV LQWHUHVWLQJ WRQRWH WKDWQRQHRI WKHUHVHDUFKUHJDUGLQJ3(57KDVGHDOWZLWKKRZWR LPSURYH WKHPRGHOLQJ
FDSDELOLWLHVRI3(577KHRQO\UHODWLRQWKDWFDQEHGHILQHGEHWZHHQWZRDFWLYLWLHVLVWKDWWKHVXFFHHGLQJDFWLYLW\FDQ
VWDUWDIWHUWKHSUHFHGLQJDFWLYLW\LVILQLVKHG











































7KH IRFXV LV RQ WKH FKDQJLQJ LQWHQVLWLHV VR RQO\ WKLV LVVXH ZLOO EH GLVFXVVHG IURP WKH DERYH OLVWHG LWHPV
6FKHGXOLQJ SUDFWLFH XVHV 3UHFHGHQFH 'LDJUDPPLQJ LQ  7KH PRVW LPSRUWDQW K\SRWKHVLV RI WKH 3UHFHGHQFH
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5.1. Relations between the activities 
7UDGLWLRQDOQHWZRUNWHFKQLTXHVDOORZWKHGHILQLWLRQRIUHODWLRQVEHWZHHQWKHVWDUWDQGILQLVKSRLQWVRIDFWLYLWLHV
7KDWLVZK\WKHDVVXPSWLRQRI3'0RIFRQVWDQWLQWHQVLW\LVVRLPSRUWDQW%DVHGRQWKLVK\SRWKHVLVWKHGLIIHUHQFH
FDQ EH GHILQHG EHWZHHQ HYHU\ VHFWLRQ RI WKH FRQQHFWHG DFWLYLWLHV +RZHYHU LI WKH LQWHQVLW\ RI WKH DFWLYLWLHV FDQ






5.2. Defining spatial requirements 
6LWH OD\RXW SODQQLQJ LV D FRQWLQXRXV UHRUJDQL]DWLRQ RI WKH FRQVWUXFWLRQ VLWH GXULQJ WKH SURMHFW 6LWH OD\RXW
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0DWKHPDWLFDOEDVLV
6.1. Notations and the definition of the problems 
/HWWZRDFWLYLWLHV$DQG%EHJLYHQIRUDPORQJOLQHDUSURMHFW7KHGXUDWLRQRI$LVGD\V'XULQJWKH
ILUVWGD\VWKHVSHHGRISURJUHVV LVRQO\RQHWKLUGRI WKHVSHHGRI WKHVHFRQGGD\V[PHWHUV[






ͲǡͷͲݔǡ݂݅Ͳ ൑ ݔ ൏ ͸
ͳǡͷͲݔ െ ͸ǡ݂݅͸ ൑ ݔ ൑ ͳʹ 
݃ሺݔሻ ൌ ൜
ͳǡͺͲሺݔ െ ܽሻǡ݂݅Ͳ ൑ ݔ െ ܽ ൏ Ͷ












6.2.  Problem 1 
7KHVROXWLRQRI3UREOHPUHTXLUHV WKHGHILQLWLRQRI WKHLQYHUVHIXQFWLRQVRI f[DQGg[7KLV WUDQVIRUPDWLRQ
FDQEHGRQHDVERWKf(x)DQGg(x)DUHVWULFWO\PRQRWRQLFIXQFWLRQV(TDQG(T

݂݅ሺݔሻ ൌ ݂ିଵሺݔሻ ൌ ൝




ݔ ൅ Ͷǡ݂݅͵ ൑ ݔ ൑ ͳʹ
ሺ͵ሻ 
݃݅ሺݔሻ ൌ ݃ିଵሺݔሻ ൌ ൞
ͳ
ͳǤͺ
ݔ ൅ ܽǡ݂݅Ͳ ൑ ݔ ൏ ͹Ǥʹ
ͳ
ͲǤͺ
ݔ െ ͷ ൅ ܽǡ݂݅͹Ǥʹ ൑ ݔ ൑ ͳʹ
ሺͶሻ 
,WLVDOVRQHFHVVDU\WRGHILQHWKHh[IXQFWLRQZKLFKLVWKHGLIIHUHQFHRIgixDQGfixIXQFWLRQV(T
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ݔ ൅ ܽ െ ʹݔǡ݂݅Ͳ ൑ ݔ ൏ ͵
ͳ
ͳǤͺ
ݔ ൅ ܽ െ ൬
ʹ
͵
ݔ ൅ Ͷ൰ ǡ ݂݅͵ ൑ ݔ ൏ ͹Ǥʹ
ͳ
ͲǤͺ
ݔ െ ͷ ൅ ܽ െ൬
ʹ
͵




െͳǡͶͶݔ ൅ ܽǡ݂݅Ͳ ൑ ݔ ൏ ͵
െͲǤͳͳݔ െ Ͷ ൅ ܽǡ݂݅͵ ൑ ݔ ൏ ͹Ǥʹ
ͲǤͷͺݔ െ ͻ ൅ ܽǡ݂݅͹Ǥʹ ൑ ݔ ൑ ͳʹ
ሺͷሻ 









LV DW WKHSRLQW[ 7KHGHULYDWLYHRI WKH IXQFWLRQ LQ WKH RSHQ LQWHUYDO LV LQFUHDVLQJ WKDW LV WKH
PLQLPXPRIWKHIXQFWLRQLQWKHBDFORVHGLQWHUYDOLVDWWKHSRLQW[ &RQVHTXHQWO\WKHPLQLPXPRIh(x)
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͹Ǥʹ െ ͷ ൅ ܽ െ൬
ʹ
͵






ͳǡͺͲሺݔ െ ͸Ǥͺሻǡ݂݅Ͳ ൑ ݔ െ ͸Ǥͺ ൏ Ͷ
ͲǡͺͲሺݔ െ ͸Ǥͺሻ ൅ Ͷǡ݂݅Ͷ ൑ ݔ െ ͸Ǥͺ ൑ ͳͲሺ͹ሻ 
7KXV3UREOHPLVVROYHG
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ͲǤͷݔ െ ͳǤͺሺݔ െ ܽሻǡ ݂݅ܽ ൑ ݔ ൏ Ͷ ൅ ܽ
ͲǤͷݔ െ ሺͲǤͺሺݔ െ ܽሻ ൅ Ͷሻǡ݂݅Ͷ ൅ ܽ ൑ ݔ ൑ ͸








݌ଵሺ͸ሻ ൌ ͲǤͷ כ ͸ െ ሺͲǤͺ כ ሺ͸ െ ܽሻ ൅ Ͷሻ ൌ ͵ െ ͶǤͺ ൅ ͲǤͺܽ െ Ͷ ൌ െͷǤͺ ൅ ͲǤͺܽሺͳͲሻ 
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)LJ7KHSIXQFWLRQRI&DVHa 






ͲǤͷݔ െ ͳǤͺሺݔ െ ܽሻǡ ݂݅ܽ ൑ ݔ ൏ ͸
ͳǤͷݔ െ ͸ െ ൫ͳǤͺሺݔ െ ܽሻ൯ǡ݂݅͸ ൑ ݔ ൑ Ͷ ൅ ܽ




SRVLWLYH LQ WKH WKLUGVHFWLRQ WKDW LV WKHPLQLPXPRI WKHp1(x) IXQFWLRQ LVDW WKHxp2 DSRLQWZKLFKFDQEH
VHHQ LQ (T  7KLV KDV WKH PD[LPDO YDOXH ZKHQ a WDNHV WKH ELJJHVW SRVVLEOH YDOXH WKDW LV a  DQG WKLV LV
í 7KLVLVVWLOOOHVVWKDQWKHPLQLPXPUHTXLUHGGLVWDQFHRIPWKHUHIRUHWKHSUREOHPGRHV
QRWKDYHDVROXWLRQZLWKLQWKHJLYHQUDQJHRIa
݌ଶሺͶ ൅ ܽሻ ൌ ͳǤͷ כ ሺͶ ൅ ܽሻ െ ͸ െ ൫ͳǤͺ כ ሺͶ ൅ ܽ െ ܽሻ൯ ൌ ͸ ൅ ͳǤͷܽ െ ͸ െ ͹Ǥʹ ൌ െ͹Ǥʹ ൅ ͳǤͷܽሺͳʹሻ 
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)LJ7KHSIXQFWLRQRI&DVHa 







ͳǤͷݔ െ ͸ െ ͳǤͺሺݔ െ ܽሻǡ݂݅ܽ ൑ ݔ ൑ ܽ ൅ Ͷ
ͳǤͷݔ െ ͸ െ ሺͲǤͺሺݔ െ ܽሻ ൅ Ͷሻǡ݂݅Ͷ ൅ ܽ ൏ ݔ ൑ ͳʹ
ሺͳ͵ሻ 
7KHGHULYDWHRIp3(x)LVQHJDWLYHLQWKHILUVWVHFWLRQKRZHYHULWLVSRVLWLYHLQWKHVHFRQGVHFWLRQWKDW
LV WKHPLQLPXPRI WKHp3(x) IXQFWLRQ LVDW WKHxp3 DSRLQWZKLFKFDQEHVHHQ LQ(T7KLVKDV WKHPD[LPDO
YDOXHZKHQa WDNHVWKHELJJHVWSRVVLEOHYDOXHWKDWLVa DQGWKLVLVí 7KLVLVJUHDWHUWKDQWKH
UHTXLUHGPPGLVWDQFHVRWKHVROXWLRQZLOOEHLQWKLVUDQJHRIa7KHYDOXHRIaFDQEHFDOFXODWHGIURP
(TDFFRUGLQJWRZKLFKLVa=6.13
݌ଷሺͶ ൅ ܽሻ ൌ ͳǤͷ כ ሺͶ ൅ ܽሻ െ ͸ െ ൫ͳǤͺ כ ሺͶ ൅ ܽ െ ܽሻ൯ ൌ ͸ ൅ ͳǤͷܽ െ ͸ െ ͹Ǥʹ ൌ െ͹Ǥʹ ൅ ͳǤͷܽሺͳͶሻ 
െ͹Ǥʹ ൅ ͳǤͷܽ ൌ ʹ
ܽ ൌ ͸Ǥͳ͵
ሺͳͷሻ 
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
)LJ7KHSIXQFWLRQRI&DVHD 





























des Séances de l1 Acedémie des Sciences. séence du Avril 1959, s2437-2449











>@-RKQVRQ'7KHWULDQJXODUGLVWULEXWLRQDVDSUR[\IRUWKHEHWDGLVWULEXWLRQLQULVNDQDO\VLVJournal of the Royal Statistical Society: 
Series D (The Statistician),±
>@7ULHWVFK'0D]PDQ\DQ/*HYRUJ\DQ/%DNHU.50RGHOLQJDFWLYLW\WLPHVE\WKH3DUNLQVRQGLVWULEXWLRQZLWKDORJQRUPDOFRUH
7KHRU\DQGYDOLGDWLRQEuropean Journal of Operations Research
>@.DPEXURZVNL-1HZ9DOLGDWLRQVRI3(57WLPHVOmega,
>@+DMGX0%RNRU27KH(IIHFWVRI'LIIHUHQW$FWLYLW\'LVWULEXWLRQVRQ3URMHFW'XUDWLRQLQ3(571HWZRUNVProcedia- Social and 
Behaviour Sciences  Volume 119, pp  766-775













>@:ULJKW73)DFWRUVDIIHFWLQJWKHFRVWRIDLUSODQHVJournal of Auronautical Science)HESS
>@0DO\XV]/3pP$3UHGLFWLRQRIWKHOHDUQLQJFXUYHLQURRILQVXODWLRQ$87&21
>@%XVNLOD',VDDF6$SSO\LQJ/LQHDU6FKHGXOLQJIRU6DIHW\3ODQQLQJLQ%XLOGLQJ3URMHFWV3URFHHGLQJVRIWKH&UHDWLYH
&RQVWUXFWLRQ&RQIHUHQFH-XO\%XGDSHVW+81*$5<SS,6%1


